values of arisugacins C and D against acetylcholinesterase (AChE) were 2.5^m and 3.5 ,um, respectively. However arisugacins E, F, G and H did not inhibit AChEat 100^m. Though they showed only weak or no activity against AChEcompared with arisugacins A and B, they may be useful for the study of the structure-activity relationship.
In the course of screening for selective acetylcholinesterase (AChE) inhibitors of microbial origin, we have previously discovered arisugacins A and B (1 and 2, Fig. 1 ), which were isolated from the cultured broth of Penicillium sp. FO-42591~4) together with the structurally related known compounds, territrems B and C56) (9 and 10, Fig. 1 ). These compounds showed strong selective inhibition against AChE. To obtain a large amount of arisugacin A, the parent strain FO-4259 was treated with UV-light to yield a mutant strain FO-4259-ll as a high producer of arisugacins. Further isolation study from the culture broth of the mutant strain led to the discovery of arisugacins C, D, E, F, G andH (3~8, Fig. 1 ).
In this paper, fermentation, isolation, physico-chemical properties, structure elucidation and biological properties of 3-8 are described.
Material and Methods
General NMR spectra were obtained with Varian Unity 400 spectrometer using CDC13 as a solvent. NOEexperiments were carried out by NOESY(for 3, 4, and 6-8) and
differential NOE experiments (for 5). Mass spectrometry was conducted on a JEOL JMS-AX500 HAspectrometer. (adjusted to pH 6.0 before sterilization). The slants were incubated at 27°C for 8 days. The spores were collected, suspended in 50%-glycerol, and stored at -80°C.
Culture and Medium Condition
A 0.1ml of the aqueous spore suspension (5X105 cell/ml) was inoculated into four 500-ml Erlenmeyer flasks each containing 100ml of a seed mediumconsisting of glucose 2.0%, yeast extract 0.2%, agar 0.1%, K2HPO4 0. 1% and MgSO4-7H2O 0.05% (adjusted to pH 6.0 before sterilization).
After incubation at 27°C for 3 days on a rotary shaker, 200 ml of the seed culture was transferred to each two 30-liter jar fermenters containing 20 liters of the producing medium consisting of sucrose 2.0%, glucose 1.0%, soybean meal 0.5%, meat extract 0.5%, agar 0.1%, K2HPO4 0.1% and CaCO3 0.3% (adjusted to pH 6.0 before sterilization).
The fermentation was carried out at 27°C for 13 days with agitation at 150rpm and aeration of 5 liters per minute.
Determination of Cholinesterase Activities
The AChE (from human erythrocytes) and butyryl- 
Physico-chemical Properties
The physico-chemical properties of 3-8 are summarized in Table 1 . They showed UVabsorption maxima about 250 JAN. 2000 nmand 330 nm, and the spectra were similar to those of23). The IR spectra of 3-8 also resembled the spectrum of 2. Therefore the structures of 3-8 wereconsidered to be similar to 2.
Chemical shifts in the >H and 13C NMRof 3-8 are shown in Table 2 . The HMQCexperiments revealed the bonding of each proton and carbon.
Structure Elucidation Arisugacin C (3)
The molecular formula of3 was deduced as C27H32O6by HR-FAB-MS. In the DEPT spectra, 3 showed five methyl, five methylene, six methine, and eleven quaternary carbon signals. The chemical shifts of the rings C, D, and E (except C-12 and C-12a) were quite similar to those of23) in the *H and 13C NMR. The 'H^H COSY and HMBCexperiments of3 revealed that these rings were the same as 2 as shown in Fig. 3 . The^-^C long-range couplings were observed from 12-H2 (82.29 and 82.44) to C-7a (8 163.5), C-ll (8 164.6), and C-lla (<5 98.4), which indicated that the methylene connected with C-l l a. The long-range couplings between 12-H2 and C-12a (5 43.5), and between 12a-H (8 2.46) and C-l la revealed that the carbon.at 8 43.5 (C-12a) was connected to C-12. Hence C-l2a was a methine in 3 instead ofa quaternary hydroxy carbon as in 2. experiments. Another unit of -COC(CH3)2C(OH)< was also revealed by the HMBC. Those three units were shown to form rings A and B by the long-range couplings between 1-H2 (5 1.74 and 8 2.04) and C-3 (<5 215.5), 2-H2 (<5 2.56 and <5 2.60) and C-3, 4a-OH (<5 1.48) and C-12b (5 40.7), 5-H2 (8 1.65 and 8 1.96) and C-4a (5 79.1), 5-H2 and C12b, and 12b-CH3 (8 1.16) and C-4a (Fig. 3) . Thus the planar structure of3 was elucidated. Though 3 has a ketone carbonyl at ring A as do 1 and 2, the carbonyl carbon of3 is not C-l but C-3.
The relative configuration of 3 was examined by the NOESYexperiment as shown in Fig. 4 . The NOEs among 4£-CH3 (8 1.23), 5-H^(8 1.9.6), 6a-CH3 (<5 1.31), 12-H^(5 2.29), and 12b-CH3 (5 1.16) suggested that they were all of the /? configuration. The NOEs between 4a-CH3 (8 1.15) and 4a-OH (5 1.48), 1-Ha (8 2.04) and 12a-H (8 2.46), and 6-Ua (8 2.17) and 12a-H suggested that they were all of the a configuration.
Thus the trans-4&-transoid-4&,6a-trans-6a configuration of 3 was elucidated (Fig. 1) , which is the same as that of1 and 23). configuration of4 was shownto be the same as that of 1-3 by the NOESYexperiment (Fig. 6 ). The coupling constants (J2>3=2.8, 2.8 Hz) and the NOESYdata indicated that 3-H was of the f5 configuration. Thus the structure of 4 was shown to be 3 a-acetoxy-3 -deoxo-1 2a-hydroxy-3, The structure of 5 was elucidated by the comparison of its spectral data and those of3. Compound5 had two more hydrogens than 3. A carbonyl carbon (C-3) of 3 was replaced by a hydroxyl methine (<5C 77.7, <5H 3.62) as observed in the NMR spectra of 5. Therefore 5 was suggested to be 3-deoxo-3-hydroxy-3, and the lH-lH COSY and HMBC experiments supported the structure (Fig. 5) .
The coupling constants (723=2.9, 2.9Hz) and the differential NOEexperiments indicated that the 3-H was of the /3 configuration (Fig. 6 ). Compound 6 had one less oxygen than 5. The^^H COSYand HMBCexperiments of 6 suggested the planar structure of 6 as 4a-deoxy-5. The coupling constants of the 3-H of6 (J23=4.8, ll.6Hz) were much larger than those of 4 and 5 indicating an a configuration for this hydrogen. The NOESY experiment supported this configuration.
Compound 7 had one less oxygen than 3. The lH-lH
COSYand HMBC experiments of 7 revealed that 7 was 4a-deoxy-3.
Compound8 had one more oxygen than 4. The^^H COSYand HMBC experiments of 8 suggested the planar structure of 8 as l-hydroxy-4. The coupling constants (J1>2=2.4, 3.6Hz,^4=2.2, 3.8Hz) and the NOESY data indicated that the 1-and 3-Hs were both of the f3 configuration. 
Biological Activities
The IC50 values of 3-8 against AChEand BuChE are shown in Table 3 . Though 3 and 4 inhibited AChE selectively with the IC50 values of 2.5jum and 3.5^m, respectively, the inhibitory activities of 3 and 4 were about one hundred times weaker than that of 2. Furthermore, 5-8 did not inhibit AChE at 100fiM. However, they may be useful for the structure-activity relationship and biosynthetic studies of the arisugacins.
The structures of 1, 2, territrem B (9), and territrem C (10) differ only in the substituents on their aromatic moieties ( Fig. 1) . On the other hand, 3-8 differs structure from 2 in rings A and B. Recently, Peng8) reported that catalytic hydrogenation of territrem B with H2 over Pd/C gave 2,3-dihydroterritrem B, and its inhibition against
AChEwas 10 times weaker than that of territrem B. The inhibitory activities of 3 (arisugacin C) and 4 (arisugacin D) against AChEwere 97 and 136 times weaker than that of 2 (arisugacin B), which also suggested the importance of the enone moiety. In addition, 7 (4a-deoxyarisugacin C) and 57 5 (3-deoxo-3-hydroxyarisugacin C) lost AChE inhibitory activity. Therefore the 4a-0H and ketone moiety of rings A may be important for AChE inhibition. Detailed studies on biological activities of arisugacins are in progress.
